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Abstract of JP2002231656 

PROBLEM TO BE SOLVED: To form an Ru electrode 
which has low oxygen content and high thermal 
stability by a CVD method. SOLUTION: A method for 
manufacturing a semiconductor integrated circuit 
device comprises the steps of introducing oxidative gas 
only at a raw material introducing time, in a chemical 
vapor phase growing method adopting an organic 
ruthenium compound as a raw material, and reacting 
under low oxygen partial pressure condition. Thus, a 
ruthenium film having a small oxygen content can be 
formed. The method further comprises the step of heat 
treating the film at a forming temperature or higher 
after the ruthenium film is formed to form the ruthenium 
film having high thermal stability. 
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SI fl/ffc =¥■ -v -> 9 © — 9 A 9M £ JBfifc T & IS t C 

(a) **fc»**riU^rtl::iKSbfc«. 
»£©2a«£f5rM©MS£-?±#£-a:3Sg 1 OlSt. 
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£~Bf Z>% 3 ©Xg 2:* b > 
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MtiVRS] |filS^2coxStc*3V>T. iWEJ£Bl^l*3 
©g*£ffi# 0 . 1 T o r r «t 5 KiitrfEgtft 
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m t-r zmazm. 1 . 2 *fct* 3 c*o#3»flcJnsHaKSs 

McoSit^S. 

0. 5To r rfitTfc&S.fc'SCltrEBMfc 
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s«©gg©«*»»g*B»^K&g&g4>gK'*" 

T, ttEARSn®gg&Eft* 0 . 1 T o r r £TRC& 
¥»fl*«©gg©g*»»g&»*HM*Ki&Bfc*4> 

gjc-rsxst, 

3fc*irEgfctt:itr;*fc*iSte#X£S«l&b. gE¥* 

-SB^cJS 1 . 2 3 Ei&©#*#Jfc«tH]S&gfi©iS 

im^m 8 ] ttEBft <h b TttlJ^-O Affr&tt £ 
«FttEfc*«fbfc*»UK»*fflV>*«rEI(l2-©X«t=^V» 
T. VsKOat&SPi<OWt$t»EEifi 0 . 5 T o r r UTlzU 

ttEfiJU**rt©»*»£E3ft*0 . 5 T o r r BLkKte* «k 
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Iil»SB©«jt^ft. 
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3 E«©*3S#*«lil8&Sg©Sijfc&S. 
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(y^O^>^yX-j|/) ;L-t-->?A [Ru (C s H s ) 
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tHafcf^>» 1, 4 -^**U->, T-trh>, 
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3E»©¥tWMfe8tl§IB&gfl©«ig:fri£. 
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Mt5i2CIgt. (c) MfEJSI&©#M&£#lkb 
TtlrE¥*fl:£«fi*£Ttf *JB 3 ©Xg<h£:WU 
WEi*«^rt^©Bfcft:tt#;*©«l&*. KfESSi, ^2 
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50 #:T?filBE$nS^V^->^©iiffl*tfeW'b'^<' i *» '© 
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*6Jk*^9^ifc, ^Jit«^fl:^^> (tin) ^e. 
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fc, flA.«S/U3>HMLJKj&»sat*W*l 0 0 Onm© 

**/^9&mMiimm3*:tm-rz mi e 
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[0 0 0 9] ^C(C, ^»©7th l JV^77^S<!:F7 
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-f£> (Hi 6 (b) ) . 

[0 0 10] ±C«?L8rtK:BU»*«3 OnmCR 
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(C, ft C, H,). , *KfitT*C VDSt J:oT*« 
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*i^$n-5 (016 (d) ) . 
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5&*§Wl 0 nm©i«^«#:K5$;CVDftiCJ:tpT 
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0" 5 A/cm' CD*«**SlEn, BflE^ftsWE^THSJIi 
tffejfcofc. aiiSVHMMft (TEM) ;*ffll>T. * 

/\*uthi 9 tv>$m\zmt?-?> (t i o tit> 

tl5T i NfflRftiWlSSn. —*TMI*t>££T^ 
SCLt^J^fc. Ifcttofc*, T»RuM4t»dtl/ 
fc» (SI 6 (d) &) . Itsmm&m (Ta,Oj) 5 

&Mi$.?2>z.£ts.<*m&xx&m&*>-e5 o o<c. 1 

10 tf^Ufc. TEMMWM*. RuffilgflttflKSS 

-?z>z\}z\z&z>mm*>n.-ofr-Dtz<, xmm^^m^ti 
is*. RuttJittta-rstr-^ewnc, t i Oifcti 

Sne-^tRuO, C«at4i*S:i;-i'i:*»B 
«6<£>n£:. CfflCii^, C VDi*-C0^$nAcTSPR 
u«S4 tt«K:toT*»fc**-r*R*3j«AU 71 9 £&{t: 

tt, 'J TB 9 fC&St Lfc H t*iMH-r?^^» £M 

[0 0 14] —Tj. 3U<TEM«S?iS*^e., 
20 frl (Ta,O s i) 5 0ttftfl:JI!«aa»K:T»Ru«fll 
4 ©tt»«M>**3 fcasffi^B? * n 5?— < £fl:f 
*Hi:***>*»oit. T»Ru«S4 0»J*it«tt, »1 

Ta^iM^CVDffilCioTMU 6 5 0^ 

o«un?*»fl:iiwaa*jfibfc«K««r*4:. *sn*£ 

[0 0 15] ^^©BWte. SE^WS* t iB:<. 
30 £tt©fl5V»Ru««SCVDttfcJ;oT»J*T*aaS£ 

[0 0 16] *«WO«FlESc6tffC*©fl&<Z)BWi«fa 
[0 0 17] 

[0018] *5£wm$iz. Rum^coms^fir 

40 ***S-rCVD&©fcW*ffofc. CVDI»T*4 

Jk>?D^>?->'IXJW ;i^f-OA [Ru (C s H 4 C 
.Hi) ,] , Ru (OD) , tmM.T'®fa<D¥X (v-^D 
^>?yirjW jUxxr7A [Ru (C S H 5 ) «] , fcf 
7. (^^jU^^ D'O^ylZJH JU7^X-7A [Ru 

(CH,C 5 HJ ,] . h'J (vtfA'cK^^T-h) ^ 
fX'JA [Ru (CHi.O,) ,] fcOUTIMtbfc. 
C*l60D*»tt, ^©7i-«?i:fi£M{C®E{t'lt (Q.) 

s^Bfr^wakJi***^*. y >^< i^2 o o*c^± 
so (DWtmnw^zmzftz* 
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[0019] cvDi&mmm\z& 

«0*jaESH7lCS^r. ^tffcbfcWt&VT-— ^Afcfrft 

XACDTtf* £#A b. ^-r WtrtOffiflfl-ffifcOi 0 tf* 
fcV»J:"5lCWSEbfc. BttMft©«&. 5 0TC-10 0 
■C©fcfi£K«J$U N,^S*t'J7^i:LT« 10 

tiLmmzn&mvtz. fi®^©ffifit^-^UT^sti- 

1 x 1 0-'mol/min^±{C$iJPT^^o JWWKftKlO^ 
tt, JK»©**S*W OfcJfrtr, 1 5 0 IC^ii^oM^© 

[0020] *f£f#f.n mm&i&m&mcmmmz 20 

7.#Ate©-?-n-€ ; n©iia^-&*3-B-i. f^snfcRui 
tpcomm^mt(Dm^m^rzo &5*#*rs«. ru 

K©#<fifl5£#x##r (TDS) CioT. —mft^m 
(co) , (o,) , tk (h,o) ©t^ta»^e.fFffi 

bfc. CVDM^iUTRu (C 5 H 4 C,H S ) , 

T*it ufcu->tf<hRu^q=> ©•& wsssn * t ©w# * m 

5©U->tl*^V">tf 8tC*t»fe;. fiX^S«2 5 30 
0-CT&3. iut, ^XASS©#i&B#W«4fl\ P$ 
SB#flS!«2#£bfc. Sfe, JK»«i|i&KrMtt» Rul)? 
#3 0 nrht;:;&£«fc3lCf8gb*L. J&H^ (^-v 

>A*) rt©E*»#K:«0***i;*ViJ:5, I!ls|Sr£#M& 

lA'^^CioTft >/\'l*5©IE^* 5T o r r C $JP 
bfc. «fl:K*!Wx £#*MM*fc]fc 

[0 0 2 1] tttt©tt** O, ^7.©^A«rJ13N.#AB# 40 
tCfSofc«-& (U">t!4) C*3^T, RuM4'©K^S 
$^tHK# (1 0 14 atom/cm') J£TRC«'>T#£ H 
jLHibfc (0 5) . «»#lt&Wfc«fl:tt#X£#ALfc 

«]»!*®©B6*****«#t*€f*fc*. Ru«ti:K* 
#7,#A (U->t!3) tt. Rul£2 5 0*CT®?^S?iS 

[oo2 2]-*, ^mmommm^m^mt^^tzu sc 
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y h) s^bfc. mm&i&mtfs oosccm (b->tf 

5) ©«^. 3 0 0 < C£TFT0. 4eV©fitt<txW 

*-*t»oaEiBRj6iftg3&«iiff-ra. — 

S2 0sccmlC«Ufci^ (1^x1^4) , 1. 4eV 
©SttitX^^^-^^^SJiSilSiC^tr-S. TM.Hi 
ratani et. al.. Proceeding in VLSI Tech. 2000 pl02j 
TS&SntV^IO. Ru (C S H, C 2 H S ) ,&£*© 

*lC#j*3ftTV»*. K5H«i^*d^Vi (5 0 0 s c c 

m) «fi*sfc**#«ffn»*u gtfttt© 

*«RuKf JdEft<t»fcRuflt*BMtT* 
t^^tlS. — *. ^*««&*^2 0 s c cm©« 

£3i2>fz<sb. Rult'NClAW^ttx^ns. 
JfcKSrtORfca-ffiW'hS^S^ R u^©ffi«^lt 
iTcT&fci*. gUTLrt^-WRu^figtcioTWfiJTS^. 

nm^m<Dm^ i&m^.i*i<z>mmttK.&o. nor 

H £ TTHf a© R u MSr^fiTC- * fc„ 
[0 0 2 3] ±*e©*l«S*H:. CVDSCioTRu 

lC=fcoT013 (b) ©«j£_htC2 0 nm©flgJP©R u 
tt*»J*-r*t, MflSIIClnm~2nmORuy 

— FJf£JE^T€S. Ru->-FI©MH ^-©*£© 

cvDrianfc*^srtift«* ; f»»j«"Tr**fcft. -f > 

^i^— ->g >Pfffl£«^£-fr£ Ruv 

- HlSMLfta^Co^T, Bfe^#AStK*^* 

• bit. JSJS|-^SfncO J ^XSr#Abfe«-& (U-v-tf 
6) . Ru->-HIM^ (l^->fcf2) tJtfebT 

feViT, RuM^©^**^ttllB# (1 0 l4 atom/c 
id') ^TlcM^-C€^^tSrM.Uibfc. 

[0 0 2 4] *%B^#?,tt$eiC, :£m>l^-^-Mb^ 
#1 b tzftmWi®- &m ^fcCVD BJcMte^:^ 

trbfc. fh7tFU77> (THF) j§j«(C0. lmo 
l/l©J8STRu (C,H 4 C,H.) ,£»»3ttifc#*UK 

VDg«£J8V>T, #R«»&5 s c cmOk-K-ft 
J&bfc. #fe*&*tt^#:v7>>'D-/-^(C < i:-s)Ti*JWb 
fc. 1 5 0*CfcffJ*Lfc«{fcST«ffcbfc»lC. 

T, r^hUkW- ( - >t7 — H) £i!bT 
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mtm&mm t mmz^m<Dmm^<D^tmiits n 

5, THF#7. (6 X 1 O-'mol/min) com 

i^ftfil 3 0 0 s c cmtCffl^T^. fct, J&flJI^I*! 

wtmsiiM*>'J>te.^te%:* v ftztirzo c corns <Df&mM 
mt2 9 o^^>. 

[0025] mmui^m<om^ m.m^comm^^ 
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Ct^^ai^fz, ^#Ru->— KJI£JB2/&bfc*B-& 

[0 0 2 6] SK±.~?te. CVDSfttLTRu (C S H 4 

c,h 5 ) ,&ftmz-&xmwi'fctf, Ru (QH.CH 

s ) .ttJVlCtRu (OD) .ttfiTlftfflRu (CH, 

C s H 4 ) Ru (CsH 5 ) Ru (C, H,,O f ) , tC 30 

HFirPB^T. x*/-;k -fun/— 

;k y^y—Ji. h;i/x>, T-irh>> >>x 

JSiftfc, d^T, Ru (OD),tRu (C,,H 19 
O:) .^ifcD^^^tcm^Sr^^t^tC^^T 

n, m*iztD?fr\zmmAm2tiz>m%:-z$>?tzo 

U ^jzET^TSPR um®«3f^fflStC«t^Tt)-r^{^ 40 

[0 0 2 7] JJU-Tte. CVDlS^W^lCgS^ 
(O,) SrfflVife^. N,0. H,0, NOi, 0,75:£<D 

,o, No,, o,te£\z. /vjTmvmit&wrztz 
wzmmiz&^T^tD&ifem&Wtt&igtffo-otz. n 
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n*>. ±IE©^iJT'tt, TOtt^XtLT^i (N 

,) ^ffl^fcri*. tgrtfT.T&^H e. Ar, Ne, Xe 

[0 0 2 8] &>±-i?7ikLfzR\im'*>lZMm&m\2&f3. 

b^p t \zmm A b fc S -5 #«fc V>o 

[0 0 2 9] ^tC. *%BJ#^«. Ru^CD^afe# 
1 0 nmTsmmXfalzmS 0 nmCDflS^^^HS^© 

sm#.n\*m^ TaiOiiscvDSiaotM 
u 6 5 o^cDum-vmrntmrnm^m-r^, ruk© 

a,o i m^mm-r^m\zT^Run.m^mmvx. m 

[0 0 3 0] m9lZ. ^ffittgiatfDiiWStR 
uIfflf«iOM«$St. RuKIl THFiilCR 

u (c 5 h, c,h s ) 1 &mmL.tzft%imn&m^* ms 

©■Vv-tf 1 0 !:<fcoTMLfc. Rui©fS 

^Lfc^c^s^t^n^n^^nTv^. r u 
Mco^ii^ (M1K2 9 ot) comma.. 9. 7 g 

/cm' (T a NR±) t8. 8g/cm ! (->Vu>mt 
*U 4 0 0ttt±T- 0. 5g/cm ! tft5: 

[0031] aioii ^^.nm^commmmstt 

f&&ftco±Zlsiicom&X'$>2>o E15©U->tf 1 0 1CJ; 
^TRul«L, RuMCD»f®TEM«^lg^e. 

• Rum<D%i£k®.co±zz&m%.vtz. Bf&m&coi&gkm 

tt^cL., 4 0 0tT3 0DmEt±, 6 0nmOT«)W 

comm. (4 o o*c~8 o o*c) xmti^n.'btiti^z.ti 

[0 0 3 2] llllt l&mn.WWk\ZT a, o 5 ^$r, ± 

mmMizRumzm^tz* ^n-^^co^-^nm. 

1 VR1JD) TSRutSMtOiiffll 
taStroM^^^bfcfcWTfe^.. Ta,O s Mtt, Ta 
(OCHs) i iO ! tSIW^ilT4 0 0t~4 5 
O'CW^KT^bit. lIBlOnmT'SS. T a, 
O i mZBf8.Lfz'&. gttT6 5 O'COilS^t^SiLS 

^b, 2<b\z6o o"ccommMw&'tt-3tzo mn 

i T. ^—^mM^W>t^Z.iiti^\^o fit- 40 0 
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^tS&l 0"' A/cm f aTK:WIHT*3Cfc*J!.tBb 
tzo E9*5«t^0 1 0 \Z7FTt£?\Z, Ru 

[0 0 3 3] CU:©«*tt. TfciMWJT'KJfcS'Uri 
>&fl;MT*5#>t;:<fc'b&^. Ru (C 5 H, C 2 

H s ) ^tfeRu (OD) ,^^T-@#:cORu (C 
H,C S H,) Ru (C s Hi) 2 , Ru (C,,H,,0,) 
,CO^TWI*©34*£*BbT*3D, CVDKttlCfc 1 
5fcV». JiiH#&;l^x^A{t£#j£i8St<i:© 

-;k x*/-;k i-:/oAV-;k 2-:7nAV- 
;k -f y^7*3-*, \-79J—fr* 2.-19 
y — ;k yi?jl.x-fJk 'J-ivzfuDVx.— 
*99y* fh7t Hntf5>, 1. 4-> ? >t^-y->. 

^Tfc|5]&©#l*£5tigbfc,, 
[0 0 3 4] fiLhStfcSfc. CVDStRuIMt 
tc^«te3?fflla*T^j£&«J^±©&MS£Mt-£<i:l;: 2 
cfc^T. *©»©*«*#IK©»J*l$*»jat»©ttlMfc 
f&MS tCtt b T^JtttOiS V* R u ffil ^ 5ut 

Ruit»j«tta©iiMaafiaE*. wwMffle 

*k RuRfO^WSiCiS/^ y 7 , «©aMfc£«nwr 
[0 0 3 5] 

2>rz*bo±m^3o^Tm— &#g£W-r3fc©«H— ©# 
[0036] mmomm 1 ) **«o»«T?tt, wr 

(C 5 H, C,H 5 ) ,£THFj£!«{C0. Imol/lOS 
«T»»bfcWWK**SJBV»fc. ##7>©#M&:£ffi«#: 
OldT^So ^TX7D-3>hn-7 (MFC) 

J». ft{tT«. fit, MftbfcRu (C S H 4 C,H 5 ) 
,l»iTHF3!fXtt, N,*vU7'>9^SfflV»TJRai 

«, ^TMFCJCkoTlWWbfc. MIlAOJi^Ru 
fc*©#X»;V>—$- El 1 tCxKf 
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[0037] qxj\ mm) ftx«s«t»T«-«aK«afe 

ft. t-^tC±oT4^ra*^tT'i7X/\jaS«r2 9 0 *C 
STT#aW*. £©£:€. N t ^rirU7'3(fX8HI«l 1 
5 0 s c cm, N. A5>X #7.lftS£2 5 0 s c cm 
©U-hT?«l&U »*i«RK»tt«J»bl*V». 

iiSA;^i:±oT»StI*ISL, j&M^t*3©EE>*j 
S5Tor rCMLfc. 5sccmffll/-F 
T#«aC»<0«l&*IMftU, raW»cK**5 0 seem 
©I/— hTgy&bfc. ^©<h^> UOOsccmlCtl 
H§-r-5THF#7.©#l:j|S (6X1 0"'mo 1/min) 

tc— £{c-r«&Kft<fc«. g)Sfl:©SSift« N,/\*5>X 
^atili2 5 0 sccm©t$T, N,^t'J7^X 
©U— h£6 5 0 s c c micM^it-S £ £tC<J; 9 , JE 

orrOSS-^TW. 3 OnmORuIS^M, 
#RH»ia*#X©#*SffikU N,*tU7^ 
SI^l 150sccmiClbfc. N t A7>X;tfX§i! 
4«2 5 0 s c cm©$S-!ltfe5. i©tlT2» 
ffl&Ul-fz'&\Z, ^XA^JftWbfc. ^XAJitC 

[0 0 3 8] JifEv— T>7M., TSPR u«S©ft*J$f$ 

|&3tfX»BE*-ffi«ClW»r*J*i:*W«tbTV»*. * 
fc, J^l$©«*#ffi*«< Ru 

•Kt4, JiKbfcK*«t&*«**P' *>b<teTH 

js«9M&tt©N, 

[0 0 3 9] £Ui©->— -b->yUC<fc0, K*-&W»#T 
- DSjST*UIB*£tTT»D. /t'J7»*Kfl:t5i:t 

>7>tt v Ru (C.Hi C,H 5 ) ,{CRofc%>©T?a:<. 
Ru (OD) .^jSTlftORu (CHjCsH*) 

ru (CiHi) ru (c,,h,,o,) , zm^zm-cr 
^, thfh^c. *f;-)V. x^y-;u. i-yo 

i-^/-;k 2-^y-;k yi7;n-f;K 

>. 1, 4-v>t=Mt>. 7-fch>, y^;i/X^^rh 




> *3 £ u v ;vx > is. a & ffl i' ^ s tco I sT m 
coo4o] (mme>mm2) *mm<DMm-cte. 

©HCifttfT. t&fttttfT. t^Fffi&tfX CD#A->-^r >7. 

#jM**Ru (C S H, C,H 5 ) , #3t*£*lTt^.5*^£ 
Ru (C S H,C»H S ) , £ 1 5 O'CtC&jS 

n-? (MFC) tCioTtHfibfc. ^LT, J$M&<D 

m-QKfox^-z&zmm (o,) ^/xii^i, n^t 

±ic4foi&£n-5. /£8fi^t*j©€-#7.©£-Ete, sij^t 

S-S(cT^^i{-J;oTiiSbfc. «-#x©#;*er*te 
^TMFClC<t-DT*iJPbT^-5. &PStSA©fc^Ru 
K£^j£^3fcft©#Xi»A->-^>XtelII 2 iC^-f il 

[0 0 4 1] ^XA^X^^-CfiKM^lCMSI^. 
f U7^XSit*^6 5 0 s c cm, N, A 5 >Z.U7.m 
lf2 5 0 sc cm©l/- h-C^L, K^iM^tW 

8Wa*£S3£U fi£iW^I*l©J£;>j£5To r riCfMPL 

ft, Mwmf&zmt&v* mmiz2 o s c cm© 
u-bx-mmtDm^m^fc. &&mi&mtef&miz>& 
gzumizmm-rztz®. m^>m^»^mzit-<xt3 

3 0 nm©RuSS£fi)cJ8lf£, t 
<0«|&*flfihLfc. N,*t'J73!f7ta;tt, 6 5 0 s 
c cm, Nj/\*v>7.^7.Sitfttt. 2 5 0 s c cm©£ 

Mmbfeo ^ft, ^XA±!:Ru->-H14Mlfc« 
[0 0 4 2] ±fB->-^r>Xtt. TfiPRuSfficDJgfiR^ 
T-fc&o Rufflt©«rtett, fg^X^itN^fel 

sc. met*. <m.mfti£.$ift-T'$>z>\ : 5.Esi<ts.z>tz 

ft. SC#T»«i©7^^i' HJtKJ:t>T#itfX«|&li 
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[0 0 4 3] EUi©->— Jr>XtCJ:0, lE^tl^T 
DS&T&ffilgfM^TT. /ty7JR*Wbr*cl:©»: 
lr>T»Ru«i**UT«5. ^±©->- y>7. 

tt, Ru (C S H, C,H 5 ) ! CEofc'b©Tft<, Ru 

(OD) , ^*iiL-C@#© R u (CHjCsH,) Ru 

(c s Hi) Ru (c,,h, s O:) , zm^tzm-gtiz-D 
i$mtf8.mmmizMLTte, mmzm?rz>tz#>. &m 
io £<h#i&g-e&So 

[0 0 4 4] (m:M<D&M3) **KO»*Tl4. *JR 
JH»fcfl|V»fcCVDiSK:oi/»T. -hgCRu««*j£ll#© 

RHft-T*. JK^iLTRu (C«H, C,H S ) ,£0. 1 
mo 1/ 1 ©*«T?THF«F«|C»l!?'bfc#»i«»*ffl 
lift. gflHUStt. gfelfiODJEJMlKwLfcaDT**. 
JhSPR uliSCf^tt; T a, O s &<i:©ii5^tt#:BI© 

#fi»ti*aiii*i:'bfcK*itfx*tti&-r*j&«**»*. 

20 ±»Ru*S*»JEjE-r*fcftO^#A->— ir>XttB 
3 (a) (C^-TjlOTfe^), 

[0 0 4 5] »>XA*H^S^T(JUIl*JC»a&«. t— ^ 
IC«fc^T4^|ffl35HtT'^X/NS!S*2 9 0 < C£T#t&T 
£>„ £©£#. N.^-vUTtfX* 1 1 0 0 s c cm, 
N, A5>X#X£2 5 0 s c c m© V— hT#t*SL. 

$ 5 o s c ctnoi/- htiteifc. m 

?j£5To r r tcf&lffllbfc. SsccmCl/- 

30 2 5 0 sccmO$Jt, N^t'JT^roiz-h* 
6 5 0 s c cmlzWp-Zltfz. C©t€, 1 3 0 0 s c 
cmClBSt^THF^O^ (6X10" ! mo 1/ 
m i n) *>[^ENC|P!$&3*i5. 
■ [0 0 4 6] Sk±cDXZ.m\mz£.-3T. mfJ<D^U 

j£lC-TS^t*«7?*fc. jftKBftSJitt. 5 To r r© 
S$-ST'^5. 7 0nmORul«It- ffE» 
©«Hft*f!flhU. N, U T^7.Sit*$: 1 1 0 0 s c 
cmldbfc. N, A7>;X#XSftg«2 5 0 s c c 
40 m, m^^Xtt5 0 s c cm©J$-£TJb5. vl©tt 
«T2 4J-|BIBjaUfc*fc, ^lASJKffltfc. ^ft, ^ 
i;\ll;Ru->-HI$Mlfc*^ 

[0 0 4 7] ±|5v-^>X«, ±»Ru*«©JEJJ5Jt«f 

•>XA©#»»Wr©K*^f^#lEi(&*tt. T a 2 0 5 ^^© 
SSSIS#:M©S7C*«i«-rs^t^SB<)-Cfe§fc:ft, ± 

m^om^&^<T^mtyts^o sfc, fes*©^''^ 

50 Jt»Ru«S*»IR-r*fcft, j£BSIBt©&5it#ff£{£< 
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[0048] cntc^o. &mm f £<> ®mim.mz 

Bgfi^«$n^-r<^i.fc*. has 
mi* $m.e>&ms-e'&T&-rz>±?lz, RuliM 

rp<D&mm : £&fSMlZ-f2>fz£>. ^XA©#mH#«J&flgl 
^<£>$5?it#EE#0. 5 To r r &>T\Zf3.Z>£. 5 

SS^i^fc^-r^^S^S^). 3 0nmO 

[0049] jigRRu«s*^-r^>is, &Rmiz®.m 

v—fr>;x.£0 3 (b) tC^T. ?XA£:*£*-ej5Kffil 

2 9 0'C$T#fit§. N,*tU7^X4 
1 1 0 0 s c cm, N, A5>X;tf;*.£-2 5 0 s c cm 

- b-emt&Lrz. w§5.mm&jvi>zr\z£r}Tmfsm&m 

5 s c cm©^hTtRSfi©W*»t. N 
, A*7>X#XSiE«te2 5 0 s c cmC9££Tr, N 2 ^V 
U 73?^® I/- h * 6 5 0 s c c ml:*'>3 tfc. Z.0) 

1 3 0 0 sccmCliar*THF^Ofl8ft 
(6 X 1 0"mo 1/m i n) feRIWSCffiM^n^), 
[0 0 5 0] EUi<D#7.#Aj£t;:cfcoT. mti<D±^fS. 

&.{t*wm?*t.fm\z. 

Jeter* Jl fi)UMS©JE*jtt 5Torr©$ 40 
£— 3£T**. 3 0nmORuK*7»WW»«*"CflSLrt 

OMtS-HOi*> 2 0 0 s c c 

mttigAU N,^U73tf^W6t*5 0 0 s c cm 
IC&M^-Brfc. *XA*ffi±©«*R*?BflES:*:#<"C 

T"4 0 nm©RuIII£2#M)W*TJBJSL&fcfc:. fM 
SHB,.<0#W&&fM:U N, U 7#X«t*£ 110 0 
s c cmCSLfe. N 2 A^ 2 5 0 s c 

cm, S^tt2 0 0 sccmOSJ-Sm - 5' 
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©ttigT2»iiB*»ufc«K:, >>xA&«aiUfc. -tie 

[0 0 5 1] BLhOS/— ^r>Xte, Ru (C S H, 

C,H S ) , tCKofcfcOTft^ Ru (OD) ,tMT 
Q#:©Ru (CH.CH,) Ru (C 5 H S ) », Ru 

(C,,H,,0,) ,tfl^fcl^. THFfctfVOfcflEt 

lt^^/-;w x^y— ;k 1 -:/da/— ;k 2- 

;WX— 5Mk *>75>y. fh5tHnt:5>. 1, 4- 
3?***>. 7"-feh>, *^;px?-;Hrh>:feJ:tf Ml' 

[0 0 5 2] (XMiOflm4) #H]S£©^8iTte. »R 
»«t*fl3V»&HC VDfttCO^T, _hg&Ru*@J&J&Pf 
©fiR^X ■fcSfcft'&tfX t^Stt^fXO#A->—ir >X 

MRu (C.H.CH.) ,^«3nX^5«M 

». ^xA©#s^pti^ta«pt ! bt-K5!i^x*^-rs 

jBSjO***. ^7.^A->— ^>Xtt, 0 4 (a) t'^T 

[0 0 5 3] ^XAS*$4"TSXlStl:»M, fc-* 
,CcfcoT4$H8Wn*T#XAi&ft<£2 5 01C$T#fit 
-5. £©£€» N 1 *t l J7^56 0 0 sccm, N, 
. A5>7^X^2 5 0 s c cm01/-hXMt. £ ■=> 
l;Si^7*50sccm<OU-H T«T5 . 

s^mtasAvi/^icioTS^ssriasL, j£jh^i*i© 
m»*k:**#m&*£ 2 0 s c cmfc:aM>3-&, n 

,^t'J7^1*6 3 0 s c cmfClf^^-Brfc. N 2 A 
7>X^7,»«2 5 0 s c cm(0SJTS5. Eftfttt 

tt. #*unfl.©««*ffjhrs. N,*t'j7^«i 

^6 0 0 sccml:IiL, N, A5 >X^f^Sftfttt 2 
5 0 s c cm, ffis!t#;Ui5-0 s c cmtCllSbfeo ^ 

) [0 0 5 4] _hE->— ^>Xtt, l.&RuWMcoWfSM 




>>XA©#l*iM*©»*# Ta t O s 4 <*:© 

£#*&VU:ffl5Ru«ffi£igJ$T-£*. sec ±tt~> 
-'. 5r>*Ttt. JH»0«|&WK:R**#X"r*itKJ: 

[0 0 5 5] Hfc©}Era5TttttT*J:"3lC. RutI 

^*T»Ru*«0»flJtfct>3tffliriB-C**. £©i§ 

Rulg*G58^M£«<6ISt;rr£fc3e>, flACS 
H*li«Ra«)l«»Ei»0. 5To r rBTFK&fcJ: 

5 izmmuxtNiXx ©«*&*£ mm u 

3 0nm©Ru«SiB«t4fc»l:, KAfttftHtt^& 
ff.lt S TOB IWtt 7 fl-NTC* s ft. 

[0056] ±apRu«@^^-r-5ES, aiarttcsffi 

fi^«®±(C R uI^Mt -5 Igi to iS 

•T>X£:J8I^£ Ct&T^S. C©#X#A 
->-y>7.£0 4 (b) (C^-To 9XA*H^tfTJ«Bt 

2 5 0 , C£T#i&-r-5. £©<*:£, N,+tU7Wt 
6 0 0 s c cm, N, A*7>7.;#X£:2 5 0 s c cm© 
*6ClWXS50sccm(OI/- 

U J5jaR£rt©EE2j*5To r r fcMfPLfc. 

mmu&zmte-tz. mm\zmmmm&& 2 0 seem 

CS^S-fr. N, U TtfXSS: 6 3 0 s c c mtCif 
N,/17>^^1B2 5 0 s c cm©SS 

©JE^«5To r r©££— 
[0 0 5 7] 3 0 nm©RuMS7#m*»ttT*rtfc:* 

X<BiM&*S— K*^fXttli&a*2 0 0 s c 

1T4 0nmORuiJ2»WMTWlfctlC. IS 
$HB#H&Sfl»JtU N 2 *r U T#X§it;l£ 4 5 0 s c 
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cmlCiB^bfc. N, A*7>X#X«E§W:2 5 0 s c c 
m. &St#7.te2 0 0 s c cmCJS- £© 

-kgBRu«ffi©fi£H£, *«tt**J:lr>*«j* 
MflMWHiat. *Wt*WV>a«iWliaulE3WiBV»X 

mmm t? * « * *> o . 

[0 0 5 8] ^±©v-y>XtCj;D, *aWS*«J;<, 

10 f5. BLhCDS'— •jr>;*tt. Ru (C 6 H 4 C 

,H S ) , tdSofcfe©-C>fe<, Ru (OD) ,^Mfl 
#ORu (CH,C S H,) Ru (CiH,) Ru 

(C, , H, , O,) 3 *fflVifc*-&fCO^T ; fo|WH«(CigfflBr 
I6T**. fc«U fiJtmi^©^X«S&»i^JSfiA!cM 

Ltd &att£ffi$fc-r-5»^« 

[0 0 5 9] (HM©Bffi 5 ) *#afi®»*T: tt3*JfiO 

20 fcTSRRuttffi©?&&g:#fe£M^-f #J;Lfc£. Ru 
(C S H 4 C,H S ) ,*THFkl**Ufc*»iJS»*ffl^ 
T, SHlOJMft 1 KLwL&2rt*TT*R u«ffi£ 3 0 n 
m©P^-TilgfiKT-5. Ru*@«iSS#J 1 0 

nm-eJKP*l6]{Ci^3 0 nmOictcSS^RttW 

x-5oot. 2#m©,«a»iWBS«irr. noawaaK: 

ckoT. HOJC^^n-ScfcotC 1 0. 5g/cm'©ta 

30 £*ru ii i OTSsnsi^icSltoWt 

g#3 0 nm~6 0 nm©R uatC^ftT-S. RB^HCR 
. uH*Sfe¥filC!5;5. Ctltt. TUWi (A'JTBI, S 
iO : ) fCft#L^Vio £t±OifflI*ftt'MlfcR 

^^fi^T D S HJ£T*UfiJM2n r K:flM$T& 
*. 

[0 0 6 0] ±E©T^ftffi©l»Matt, CVDffitCj: 

*jtdania«£i±©s(MftaTr*n«j:<. 09. no, 

40 0 1 l©tSI^64 0 0ta±T*5ii*«SiUVi„ 

ISSli, HSi^«#l«©*Sft{l:S««k 0 fettvjc 
£LV>. Ta^s©*-^, «Sft<tSK«6 0 CCA^S 7 

[0 0 6 1] ±E<Z>#M!ia*tt<0*3Stttt. Ru (C 5 

^2lC7^Uitj:-5{CRu (CsR.CHi) :< Ru (O 
D) ,-^Si&TB#:©Ru (CH 3 C 3 H.) 2 . Ru (C 5 
50 H.) Ru (C,,H„0,> ,fte©*IW'f=f Aft 




MFflEKHSSr, x^y-Jk 

— jk 2-yuny—)V. ^v^^)VT)Vzi—)]/, l- 

79 J— ;k 2-~J9J— ;k ->'lf;H-fJk SM 

1. 4-S?**U->, 7-teh>. *?-)lx.?-)\'frh>& 

8&3c/£te©i6 RuIS»tfT!t4. 
[0 0 6 2] fc«U Ru (OD) (C, , H, , 

O.) ,fc£©^*fc**£^tMfc-&ftK:HbTtt, Id 

txt), TDs«3e-ctof«»ictt**qftm«n«. nn 

§5. N,#x*£3-x©**&-£trSHi(t4» 
t, 4 o o < c-e2^m©^s*^rci<i:T, TDS« 

[oo6 3] (*aK0»B6) 44moxM-ci±. m 

©JKailTflttKbfcCVDj*TTaRRu«©*J^fiRb, 
UT0 1 2 ~0 1 5 ftfli^TRW?"*. 

[0 0 6 4] *-r, ^jA«pM©*«sav'U3>^e.^ 

tt, ***HB1 2 tSSfcBl 3, y-htft»l4. P 
oly-Sit. WNfcb<«T i N#>S>ft£A*'J 

Wi©ilA^S:*7- Hlftl 5, poly 
-S i ts.£-&<of3.2>7 ; 7>f2 9fc<i:;f5>£JE2/jJc£tt&o £ 
©h^>v'X^JiiCT i NiwoiM*6ft*Ky hm 
16*»)«t4. ^V^T, If y h»±iCCVDSl:± 

<koT.^©S®£¥fifl:T 3 (HI 2 (a) ) . 3& 
— ^*»rirr* (II 2 (b) ) . *!CCVDffiCio 

n>^7^1 8£^fiTrs (012 (c) ) . ^©I£, 
7,A7^U>^tel:i-3TTiN, TiAIN, TaN 

"oT. 3>^i7 h*-^ft«D#ift5''J .3 1 8 
±*»L.T£T|ifc*-r* (El 3 (a) ) . Z.<D±\Z, 
BUSl 0 0 nmgi©tfty'j3>K2 O^rCVDffitc: 
=koTit«U ->Un>^tM^JinX-r-5|iS©x-y5 1 > 
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